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Abstract 
In this work we report recent achievements in design of twin back-to-back ionization chamber (TIC) for fission fragment 
(FF) mass and kinetic energy measurement. Correlated FF kinetic energies, their masses and the angle of FF in respect to 
the axes in 3D Cartesian coordinates can be determined from analysis of the heights and shapes of the pulses induced by 
the fission fragments on the anodes of TIC. Anodes of TIC were designed as consisting of isolated strips each having 
independent electronic circuitry and special multi-channel pulse processing apparatus. Mathematical formulae provided 
for FF angles measured in respect to the coordinate axes. It was shown how the point of fission fragments origin on the 
target plane may be determined using the same measured data. The last feature made the TIC a rather powerful tool for 
prompt fission neutron (PFN) emission investigation in event-by-event analysis of individual fission reactions from non-
point fissile source. Position sensitive neutron induced fission detector for neutron-imaging applications with both thermal 
and low energy neutrons was found as another possible implementation of the designed TIC. 
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1. Introduction 
 A convenient way to study of PFN emission in spontaneous or neutron-induced fission is to use a 
traditional twin back-to-back ionization chamber, with two chambers sharing a common cathode as was done 
 
 
* Corresponding author. Tel.: +74962164198; fax: +74962165429.  
E-mail address: zeinal@nf.jinr.ru. 
© 2014 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/3.0/).
Selection and peer-review under responsibility of Guest Editor: Mr. Stephan Oberstedt - stephan.oberstedt@ec.europa.eu
 Sh. Zeynalov et al. /  Physics Procedia  59 ( 2014 )  160 – 166 161
by Budtz-Jørgensen and Knitter (1988). The cathode is made from a thin conductive foil and at the same time 
serves as backing for the fissile deposit. For binary fission events two complementary FF are simultaneously 
detected in two independent chambers. Free electrons released by FF deceleration are induced pulses on the 
chambers anodes and on the common cathode during drift along the applied externally electric field. The 
pulse height in each chamber was proportional to corresponding FF kinetic energy release and the FF pulse 
shape conveys information on the FF angle (Θ) in respect to the electric field applied in the direction of the 
normal to the cathode plane. From the correlated energies obtained in the above double-energy (2E) 
experiment, FF masses and velocities could be found in book in the way similar to that in (Wagemans, 1991). 
If the point fissile target located on the common cathode’s centre and the fast neutron detector (ND) was 
positioned at the certain distance along the normal to the target, then the angle between FF and the PFN 
emission would be equal to Θ. The PFN velocity may be determined from the known flight path and the 
measured time delay between cathode and ND pulses. Measured FF and PFN velocity vectors then may be 
used to reconstruct the PFN emission kinematics. The PFN multiplicity distributions in respect to FF kinetic 
energy release and mass split may be reconstructed by comparison of two sets of FF measurements. In the 
first experiment fission fragment mass and kinetic energy release should be evaluated from the measurement 
independent from ND. In the second experiment FF mass and kinetic energy release should be evaluated for 
the FF coincided with ND. The obtained experimental results are of great demand for theoretical models of 
fission process development. The conventional chamber had limited suitability for investigations of nuclei 
with “zero thickness” or point sources like 252Cf. The chamber of new design was developed mainly with 
intention to overcome that limitation and to perform measurements with nuclei as 235U, 239Pu and other, which 
technically could not be made of point size, but they are important for new generation of nuclear energy 
production schemes. 
2. Experimental Method 
The detailed information on PFN emission in fission is available from the measured dependence of 
average number ),( TKEAν of PFN emitted by the FF with mass number A and TKE release of two fission 
fragments in Sh. Zeynalov et al., 2012. The late function allows obtaining of averaged characteristics on )(Aν  
or )(TKEν  by integrating over respective variable, if the mass yield matrix - Y(A,TKE) is known:  
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Determination of )(),( TKEA νν  can be done if the measurement of ),( TKEAν  and ),( TKEAY  was arranged. 
For each fission event the FF and PFN kinetic energies, FF masses along with the angle between PFN and FF 
should be determined in order to reconstruct the reaction kinematics and PFN emission from the individual FF 
in the centre of mass system (CM). Reaction kinematics is sketched in Fig. 1. The experimental setup consists 
of the position sensitive twin back-to-back ionization chamber (TIC), which was designated for FF kinetic 
energy release and the three cosines of angles between fission axis and the laboratory Cartesian axes.   
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Fig. 1. Vector diagram for PFN emission from FF. 
 
3.  Signal Formation on the Ionization Chamber anode  
Signals from the TIC anodes arise because of the motion of charge carriers after they are formed by the 
FF. Once the last of the carriers arrives at its collecting electrode, the process of charge induction ends and the 
pulse is fully developed. The time evolution of the signal is of fundamental importance in understanding the 
timing properties of pulses as well as in predicting the effects of changes in the location of the radiation 
interactions on the shape of the pulse. The task of predicting the types of signals expected on a specific 
electrode segment also requires that a more basic approach be taken to predict induced charges. The Poisson 
equation is the starting point for these calculations. It can be written as 
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For complex geometries or detector shapes, solutions can be obtained only numerically. The 
electric field at any point can be obtained simply by taking the gradient of the potential: 
)(ϕε grad−=   (4) 
Neglecting the effects of diffusion, charge carriers generated within the detector will follow the electric field 
lines from their point of formation to the collecting electrode. If an assumption is made about their velocity as 
a function of electric field (for example, a proportional relationship indicating a constant value of the 
mobility), then the position of the charge as a function of time can be uniquely determined. The general 
method to calculate induced charge on electrodes due to the motion of charge carriers in a detector makes use 
of the Ramo-Shockley Theorem in G.F. Knoll, 2012
 
and the concepts of the weighting field and weighting 
potential. The theorem states that the instantaneous current induced on a given electrode is equal to 
0Evqi = where q is the charge of the carrier, v  is its velocity, and 0E  is called the weighting field. Another 
way of stating the same principle is that the induced charge on the electrode is given by the charge on the 
carrier multiplied by the difference in the weighting potential 
0 
from the beginning to the end of the carrier 
path:  
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ϕΔ= qQ   (5) 
To find this weighting potential 
0 
as a function of position, one must solve the Laplace equation for the 
geometry of the detector, but with some artificial boundary conditions:  
1. The voltage on the electrode for which the induced charge is to be calculated is set equal to 
unity.  
2. The voltages on all other electrodes are set to zero.  
3. Even if a trapped charge is present within the detector volume, it is ignored in the calculation 
 
                                   
 
Fig. 2. Sketch of the upper half of the twin back-to-back ionization chamber with strip anodes 
 
The solution under these conditions gives the weighting potential, and its gradient is the weighting field. The 
weighting potential is not the actual electric potential in the detector, but instead serves as a convenience that 
allows simple determination of the induced charge on the electrode of interest by taking differences in the 
weighting potential at the start and end of the carrier motion. The path of the carrier must still be determined 
from the actual electric field. If the position of the carrier as a function of time is determined as previously 
described, then the time profile of the induced charge (or the induced current) can also be traced out to 
determine the shape of the output pulse.  
Let us recall result of Ramo-Shokley theorem application to the Frisch-gridded ionization chamber 
(Zeynalova et al., 2011). When all FF decelerated inside cathode-grid area the charge Q, induced by whole 
electrons along a FF deceleration path, when they collected on the anode could be found as:  
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),()( ρ  is a total number of 
electrons, created during the FF deceleration, D – is the anode-grid, s – is the grid-anode distance and σ – is 
the grid inefficiency factor. Drift time T of the “charge centre” of FF ionization from the point of origin to the 
164   Sh. Zeynalov et al. /  Physics Procedia  59 ( 2014 )  160 – 166 
point with coordinate
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 Eq. 7 describes dependence of drift time T on cos(Θ), where Θ-is the angle between fission axis and the 
cathode plane normal. The DPP algorithms and practical implementation of pulse height Q(D+s) and 
T(cos(Θ)) were described in (Zeynalova et al., 2009). If the kinetic energy loss in target material (or target 
backing) can be neglected, then from Eq. 7 one can found the maximum and minimum drift time values are as 
follows:               
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Fig.3 a) Weighting potential for single strip φ0(Z,Y). b) Dependence of weighting potential on distance for a given strip width to cathode-
anode distance ratio 
 
Let us consider position sensitive modification of a parallel plate ionization chamber sketched in Fig. 2. The 
x-y surface on the cathode plane is made of conventional continuous electrode. The anode surface consists of 
the thin cooper foil, subdivided into the Δ-electrodes. Each Δ-electrode is an independent triangle electrode, 
and small gaps are present between adjacent parts. Separate electrical contacts generally are made to each Δ-
electrode. We assume that no fixed charges (space charge) are present in the detector volume. For simplicity, 
we also assume that the dimensions of the detector in the x and у directions are large compared with the 
anode-cathode distance, so that edge effects can be neglected in the following analysis. If the same positive 
potential is applied to all Δ-electrodes then the solution of Laplace equation at the distances much greater than 
the gap width is equivalent to the case in which a single continuous electrode was to replace the Δ-pattern. 
The potential changes linearly between the anode-cathode area, and the electric field is essentially uniform 
throughout the volume. If the Δ-electrodes are operated at a positive potential relative to the opposite surface, 
then electrons will be attracted along field lines that are parallel to each other and perpendicular to the anode 
surfaces. Neglecting diffusion, they will be collected by the Δ-electrode that lies directly to the up of the point 
at which the charges are formed within the volume. The positive ions move in the opposite direction and 
toward the continuous cathode at the bottom surface of the detector. In order to predict the electrical signal 
expected from a typical single Δ-electrode, we must apply the Shockley-Ramo theorem to this case to first 
find the configuration of the weighting potential. We again solve the same Laplace equation, but now with 
boundary conditions that set the potential of the strip of interest to 1 V, and the potential of all other strips and 
the cathode on the opposite surface to zero. The typical solution is presented in fig. 3a. Dependence of 
weighting potential from the cathode-anode distance is presented on fig. 3b for various values of the ratio of 
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strip width to cathode-anode distance. If the ratio is sufficiently small then the strip signal rise follows the 
potential grown and happens in this case in close proximity of the strip. Thank to that there is no angle 
dependence on the strip signal like in Frisch-gridded ionization chamber. Neglecting diffusion the electric 
charge induced on the strip by ionization charge can be calculated using Eq. 5. From analysis of weighting 
potential dependence on the distance from the strip (see Fig. 4) one could conclude that all charges collected 
on the selected strip will induce nonzero charge, but the charges collected on the adjacent strips do not induce 
charge at all. In reality diffusion could not be neglected therefore cross-talks between strips should be taken 
into account. 
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Fig.4 Dependence of weighting potential φ0(X=const × Z) on distance from the selected strip. 
 
Our goal was to determine the (x,y) coordinate of the point where charge was collected on the strip from 
analysis of the signals on Δ- electrodes composing the strip. The sum of these two signals can be calculated as 
a signal from the undivided strip. It is reasonable to assume that the difference between these signals was 
proportional to the shift (positive or negative) of charge position from the strip centre. Let the origin of 
Cartesian coordinate system is located in the centre of square cathode (see fig. 5) and each Δ-electrode has 
individual charge integrating preamplifier. Then the sum and difference of output signals from the individual 
strips can be interpreted as measure of (x,y) coordinate of the charge distribution centre from the electrons 
collected by the considered strip. Similarly the z-coordinate of the charge distribution can be evaluated as 
electron drift velocity product with the time difference between the strips and cathode signal. When all 
detected strip signals are recorded along with their drift times then the set of samples along the FF range was 
available.  When two correlated FF was detected in back-to-back twin ionization chamber, then the following 
information can be determined for each fission event: 
 
 
 
 
                                                 
Where (x0,y0) is the coordinates of FF point of origin, (x1,y1) is the coordinate of the FF stop point in the 
upper chamber (positive direction of Z-axis); (x2,y2) is the coordinate of the correlated FF stop point in the 
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lower chamber; (z1,z2) is the are z-coordinates of the FFs stop points in upper and lower chambers 
respectively. The Y-coordinates can be evaluated from the sum signals taken from two Δ-electrodes, the X-
coordinates may be evaluated from the difference of signals and Z-coordinates may be evaluated from the 
measured drift time.  
 
 
 
Fig. 5. Evaluation of fission axis coordinates and determination of FF point of origin coordinates 
4. Conclusions  
We presented recent achievements in development of new fission detector and advanced mathematical 
data analysis, which we believe opens a new perspective in study of PFN emission in low energy fission. With 
new chamber design the fission axis coordinates measurement became possible for non-point fissile targets.  
A new detector can be used in neutron imaging applications due to availability of FF point of origin 
coordinates with pretty good precision. It is well known that neutron imaging application requires very good 
spatial resolution (< 0.1 mm) so far achieved using CCD camera. According to our estimate using the 
mathematical model presented above the spatial resolution in case of PFN emission can be about ~0.5 mm 
with strip width of 5 mm. For neutron imaging application apparently strip width can be made narrower.  
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